circumscribed. The options that Drew and Sytsma (2011) proposed to render Lepechinia monophyletic were either: () segregate L. mexicana (S.Shauer) Epling [L. yecorana Henrickson, Fishbein & T.Van Devender was not yet described], which was nested within a clade that included the monospecific genera Chaunostoma Donn.Sm. and Neoeplingia Ramamoorthy, Hiriart & Medrano; or (2) transfer the two preceding taxa to Lepechinia. However, they suggested that the final decision should wait until more robust evidence (e.g., low copy nuclear genes) was procured. Nonetheless, Moon (2012) made the transfer of Chaunostoma mecistandrum Donn.Sm. to Lepechinia (L. mecistandra (Donn.Sm.) H.K. Moon) , and subsequently Drew et al. (204) transferred Neoeplingia to Lepechinia [L. leucophylloides (Ramamoorthy, Hiriart & Medrano) B.T. Drew, Cacho & Sytsma] . These results suggest that Salviinae should consist of Lepechinia, Salvia (sensu Walker and Sytsma, 2007) , and Melissa (Walker and Sytsma, 2007; Drew and Sytsma, 2011, 2013) , which was previously unplaced within Mentheae (Harley et al., 2004) . Although there are no clear morphological synapomorphies that characterize Lepechinia, it can be distinguished from other members of Salviinae based on non-galeate upper corolla lips, an unenlarged connective separating the two thecae of the stamens (as opposed to most Salvia), non-mucilaginous mericarps, and a distinctive leaf odor. Among the diagnostic characters, only the latter one holds promise as a potential synapomorphy. However, it will be necessary to uncover the chemicals responsible for the distinctive odor before this possible synapomorphy can be validated. The other characters mentioned can be considered plesiomophic since they are extensively distributed in the family. Epling (1948) acknowledged the lack of synapomorphies for the genus, and instead argued that Lepechinia formed a cohesive lineage based on a "chain" of characters, with the remark that "The only consistent alternative to recognizing one genus…is to recognize eight".
Lepechinia is restricted to the New World with populations of some of its species [L. hastata (A.Gray) Epling in Hawai'i, and L. stellata (Cordem.) Epling in Réunion Island] probably being human introductions overseas (Hart, 1983; Drew and Sytsma, 2011) . In Mexico there are 12 species, seven of which are endemic: L. leucophylloides (formerly Neoeplingia leucophylloides Ramamoorthy, Hiriart & Medrano; Drew et al., 204) , L. flammea Mart.Gord. & Lozada-Pérez, L. glomerata Epling, L. hastata, L. mexicana, L. nelsonii (Fernald) Epling, and L. yecorana Henrickson, Fishbein & T.Van Devender (Martínez-Gordillo et al., 2013) . Most of these taxa occupy temperate forests at high elevations, dwelling in pine-oak, oak, and/or montane cloud forests, though there are some exceptions such as L. mexicana and L. leucophylloides, which grow in more arid conditions. Epling (1948) divided the genus into eight sections. Section Glomeratae Epling was defined to include only one species, Lepechinia glomerata. This section is distinctive within Lepechinia due to its sessile flowers arranged in hemispherical glomeruli, which are axillary and long pedunculed, and are subtended at the base by two showy floral bracts. Lepechinia glomerata was described based on specimens from a single collection [Mexia 1804 (MICH, UC, US); Epling, 1948] , which was made at San Sebastián del Oeste, Jalisco, in 1927. Since the initial collection, no other specimens have been cited from the same area, even though a floristic survey was conducted and published for that region (Reynoso et al., 2006) . In 2009, Martínez-Gordillo and Lozada-Pérez described L. flammea from Guerrero and placed it within Glomeratae since its characteristics matched well with the section definition and the apparent morphological similarity to L. glomerata. In fact, several specimens of L. flammea were initially determined to be L. glomerata. In the same publication, a specimen of L. glomerata was cited from the state of Guerrero, being the second citation of the species; however, it was collected about 600 km SE of the type locality. As part of a broad examination of Lepechinia, Drew (2011) Ongoing studies of Lamiaceae have necessitated numerous botanical expeditions and the examination of herbarium specimens at several herbaria. These efforts have provided new insights on the distribution and morphological variation of several species. Here we report on new findings of Lepechinia flammea, as well as new populations of the poorly collected L. glomerata. We also assess the validity of the recently described L. oaxacana. In addition, we employ three chloroplast markers and four nuclear markers to examine the phylogenetic affinities of L. flammea and L. glomerata within Lepechinia.
Material and methods
Morphological conspectus. The morphological notes on Lepechinia flammea (including L. oaxacana) and the extended description of L. glomerata were based on examinations of herbarium specimens held in the following herbaria, with acronyms according to the Index Herbariorum (Thiers, 2014) : ENCB, FCME, IBUG, IEB, MEXU, MICH, UAGC, UC, WIS, and ZEA; and online pictures deposited on the webpages of TEX and US herbaria. The specimens collected from the botanical explorations, which led to the disco-very of the new populations of both species in Jalisco, were processed according to standard procedures (e.g., Lot and Chiang, 1986; Sánchez-González and González, 2007) . A complete specimen set was deposited in the IBUG and ZEA herbaria.
Taxon and gene sampling, DNA extraction, and sequencing. Two accessions of Lepechinia, L. glomerata and L. nelsonii, were added to the data matrices from Drew and Sytsma (203) , for a total of 33 Lepechinia accessions (Appendix 1). Although Drew (2011) and Drew and Sytsma (2011, 203) included an accession labeled as L. glomerata (B. Drew 155) , their sample was actually L. flammea (Martí-nez-Gordillo and Lozada-Pérez, 2009 ). Lepechinia nelsonii was included because Drew (2011) showed this species was allied to L. flammea. Melissa officinalis L. was chosen as outgroup based on Walker and Sytsma (2007) , and Drew and Sytsma (2011, 2013) . Our dataset consisted of three chloroplast (cpDNA; ycf1, ycf1-rps15 spacer, and the trnL-F spacer and intron) regions, the internal and external transcribed spacers (ITS and ETS, respectively), and two lowcopy nuclear gene regions (granule-bound starch synthase I (GBSSI or waxy) and a pentatricopeptide repeat gene region (PPR-AT3G09060). DNA extractions, PCR reactions, and cycle sequencing procedures were as described within Drew and Sytsma (2013) .
Phylogenetic analyses.
Chromatograms from all gene regions were examined and manually edited in Sequencher 4.7 (Gene Codes, Michigan, USA), and subsequently aligned in MacClade 4.08 (Maddison and Maddison, 2005) . Sequence polymorphisms as inferred by chromatogram double peaks were scored as polymorphic characters. The cpDNA and the four nuclear gene region (nDNA) data sets were analyzed using Maximum Likelihood (ML) in Garli 2.0 (Zwickl, 2006) and Maximum Parsimony (MP) in PAUP 4.0b10 (Swofford, 2002) . The ML analyses were implemented using the default configuration parameters (with 3 searchreps) and the GTR + Γ + I model of evolution. To assess the support for the ML analyses we performed 100 bootstrap (BS) repetitions using the same configuration as the initial ML search, with the exception that only one search (searchreps = 1) was done per BS replicate. The MP analyses were conducted by sampling 1,000 random addition replicates with TBR branch swapping and Multrees On. Bootstrap (Felsenstein, 1985) values were obtained by performing 100 heuristic searches, sampling 00 random addition replicates per search, and otherwise using the same settings as the initial best tree(s) search. A new population of Lepechinia flammea was discovered in the middle of the mountain range known as El Cuale in the state of Jalisco, at the westernmost extreme of the Trans-Mexican Volcanic Belt, on the west side of San Pedro Mountain (Figure 1 ). The population dwells in ecotones of pine-oak and pine-fir forests, between 2,430 and 2,480 m elevation. The qualitative morphological characters of the Lepechinia flammea population in Jalisco correspond well with those described by Martínez-Gordillo and Lozada-Pérez (2009). There are some quantitative morphological features that differ from the parameters outlined by Martínez-Gordillo and Lozada-Pérez (2009), however, and these are highlighted in the following lines. The size of the leaves of the middle of the stem vary from 12.7-23 cm long, and 2.7-4.4 cm wide at mid-leaf, and are progressively reduced towards the apex of the plant; just below the inflorescence the leaves diminish to 2.1-5.6 × 0.9-1.5 cm. The inflorescences are 13-30 cm long, with peduncles 1.9-4.5 cm long (in the original description, peduncle length was registered as 1.4-5.1 mm, instead of cm, probably because of a typographical mistake). The external floral bracts can reach up to 1.4 cm wide, the width of the bracteoles (internal bracts) ranges from .9-5.5 mm. Each glomerulus consists of 7-10 flowers with pedicels 0.8-2.3 mm long and corolla tubes 13-16.5 mm long. The thecae are up to 1.7 mm long and the mericarps are between (2.4-) 2.7-2.9 × (1.6-)1.8-2.2 mm. The population from Jalisco is also within the altitudinal and phenological ranges of the populations from Guerrero, growing from 2,000 to 2,700 m, and flowering and fruiting from October to May, respectively (Martínez-Gordillo and Lozada-Pérez, 2009).
Results

Morphological conspectus
novelties on the distribution of lepechinia flammea (lamiaceae), rediscovery of l. glomerata in Jalisco, mexico When considering the morphological variation of Lepechinia flammea, the recognition of L. oaxacana as a different species is unjustified. Turner (2013) makes the distinction mainly based on smaller foliage [6-10 × 2-3 cm vs. the 0-20 × 3-6 cm, purportedly stated by Martínez-Gordillo and Lozada-Pérez (2009)], smaller calyces (ca. 6 mm vs. 9-11 mm long), and smaller corollas (10-12 × 3-4 mm vs. 16-20 × 6-8 mm). However, the leaves of L. flammea were described as 3.9-20 × 1. In contrast, a botanical excursion in 2009 to the type locality did not yield individuals of the species. Thus, 48 years passed since the species was collected for the first time until the next series of collections. On the basis of these recent specimens and the paucity of historical collections, an extended description is provided.
Shrub (0.7-)1.6-2(3) m tall, stems hirsute, puberulent, and covered with short glandular-capitate hairs. Leaves sessile, leaf blades lanceolate to slightly elliptic-lanceolate, (3.7-)6.3-20 × (1.3-)2-3.9(-8.1) cm, acute at the apex, auriculate and amplexicaul at the base, margins serrate chiefly on the biggest leaves. Leaves sparsely pilose and puberulent, occasionally with some glandular-capitate hairs, the indumentum concentrated along the veins and beneath them, young leaves bullate above, very aromatic, progressively diminishing in size toward the apex. Flowers 8-14, arranged in capituliform inflorescences (glomeruli), attached in the axils of reduced leaves. Peduncles 3.2-4.8 cm long, hirsute and with glandular-capitate hairs. Floral bracts of the same shape, texture, and color than the leaves, but smaller (1.5- novelties on the distribution of lepechinia flammea (lamiaceae), rediscovery of l. glomerata in Jalisco, mexico 2.9 × 0.6-1.1 cm), sparsely pilose, puberulent and bordered by glandular-capitate hairs. Bracteoles lanceolate to linearlanceolate, 0.5-0.8(-1.1) cm long, membranaceous, sparsely pilose and ciliated at the margin, which is entire. Flowers with pedicels 0.8-1.3 mm long, pilose and with sessile glandular dots. Calyx green, tube 2.9-3.9 mm long, 3.2-3.5 mm wide at the throat, pilose and covered with glandular-capitate hairs and sessile glandular dots, teeth .9-2.5 mm long. Corolla light blue to lavender (lilac in the original description), glabrous, tube 6.8-7.8 × 2.3-3.4 mm, not constricted at the base, lobes subequal, 0.8-2.2 mm long. Stamens exserted, attached at 5.8-6.2 mm of corolla length from the base, filaments 8.4-8.9 mm long, glabrous, thecae 0.5-1 mm long. Style 1.1-1.4 cm long, branches subulate and subequal, 0.8-0.9 mm long. Mericarp ovoid, 2.5-2.9 × 1.7-2.1 mm, black to dark brown, smooth and glabrous. In addition to the characters that Martínez-Gordillo and Lozada-Pérez (2009) highlight in supporting the distinction between Lepechinia glomerata and L. flammea, the first species can also be differentiated by the shorter thecae (0.5-vs. -.5 mm long) and shorter style (.-.4 vs 1.6-2 cm long) from the latter one.
Phylogenetic analyses. With the exception of the relationships involving the newly added Lepechinia glomerata and L. nelsonii accessions, the results obtained from the molecular datasets presented here have been discussed elsewhere (e.g., Drew and Sytsma, 2013) , so only the phylogenetic relationships involving L. flammea, L. glomerata, and L. nelsonii will be reported here.
After examining the cpDNA and nDNA phylogenetic trees, it was obvious that significant discordance (see also Drew and Sytsma 2011, 2013; Drew et al., 2014) existed between the two datasets and no attempt was made to concatenate them. In both the cpDNA and nDNA, analyses the ML and MP topologies were congruent (i.e., no supported conflicts), therefore only the ML trees (with ML and MP BS values) are shown since they can more easily be displayed as phylograms and hence convey branch length information. The MP trees, however, are readily available upon request. The cpDNA dataset included 5,959 characters, of which 526 were variable and 194 were parsimony informative (PI; 3.3%). Our MP heuristic search yielded 28 trees of equal length (627 steps 
meyenii).
After excluding 405 characters because of alignment ambiguity or long uninformative insertions (mostly involving Melissa), our nuclear gene region (nDNA) alignment was 3,193 nucleotides in length. The nDNA alignment contained 442 variable and 213 PI characters (6.7%). In the MP analyses we recovered nine nDNA trees of equal length (866 steps), with each tree having a CI of 0.702 and an RI of 0.716. In the nDNA phylogeny, L. flammea, L. glomerata, and L. nelsonii once again formed a clade with 100% ML & MP BS (Figure 4) . At a single nucleotide position (173 in alignment) in the ITS1 region, Lepechinia nelsonii displayed a chromatogram double peak (Y) that was intermediate between L. glomerata (C) and L. flammea (T). In contrast to the cpDNA phylogeny, L. flammea and L. nelsonii were recovered as sister taxa (ML BS = 71%; MP BS = 72%), and L. hastata (native to Baja California Sur and the remote Socorro Island) was recovered as sister to the aforementioned three species with weak support (ML BS = 72%; MP BS = 58%). These four taxa were part of a larger clade (ML BS = 100%; MP BS = 100%) that included the same taxa as in the cpDNA tree with the exception of L. calycina.
Discussion
The discovery of Lepechinia flammea and the rediscovery of L. glomerata (after 48 years without being collected) in Jalisco, demonstrates how critical botanical exploration is in the understanding of Mexican flora. For example, the populations of L. glomerata and L. flammea from Jalisco seem to be disjunct relative to the populations from Guerrero and Oaxaca, since they are separated by at least 600 km. However, it is likely that these species will eventually be found in intermediate locations with similar ecological conditions if botanical exploration is conducted in the appropriate localities. Some places where these plants would be expected are Sierra de Cacoma and Sierra de Manantlán, Jalisco; Cerro Grande, Jalisco-Colima border; and Sierra de Coalcomán, Michoacán. The fact that Lepechinia flammea and L. glomerata are shrubby, odoriferous plants with distinctive leaves, inflorescences and flowers, further highlights the urgent need for increased botanical collection and study in Mexico: if distinctive plants such as these have gone undescribed/uncollected, the number of less obvious species awaiting discovery/collection could be staggering.
Although Lepechinia flammea, L. nelsonii, and L. glomerata were nested within a clade of mostly Mexican taxa in both the cpDNA and nDNA analyses, the sister lineage to these three taxa is decidedly unclear. In the cpDNA analyses, the California endemic L. calycina was recovered as sister, while L. hastata was the sister lineage in the nDNA analysis. Neither of these sister relationships were strongly supported, nor are there clear morphological connections that favors either scenario. On the basis of geography, L. hastata, which occurs in the southern tip of Baja California, would seem like a more plausible sister lineage candidate due to its current relative proximity and the fact that Baja California was once connected to mainland Mexico in the vicinity of present day localities of L. flammea, L. nelsonii, and L. glomerata. In the cpDNA phylogeny, however, L. hastata is deeply nested inside a clade of three morphologically and geographically dissimilar species. One possible explanation for the recovery of L. calycina as a sister lineage in the cpDNA analyses is ancient hybridization, especially given its position in the nDNA tree. The lack of BS support in the nDNA tree precludes us from making any conclusions regarding these data in regards to the potential sister lineage of L. flammea, L. nelsonii, and L. glomerata. We are hopeful that additional nuclear gene region data will eventually resolve this question.
The sister relationship between Lepechinia flammea and L. glomerata recovered in the cpDNA tree (Figure 3) is not surprising given the morphological and geographical similarities between the two species. Likewise, the close relationship between these two species and L. nelsonii is in general agreement with morphology and geography. However, the sister relationship between L. flammea and L. nelsonii in the nDNA tree (albeit only moderately supported) is somewhat surprising based on a priori expectations. The conflicting topologies between genetic compartments may be indicative of chloroplast capture or hybridization as has been suggested or documented for other core eudicots (Rieseberg and Soltis, 1991; Fehrer et al., 2007; Acosta and Premoli, 2010; Salmaki et al., 2013; Wang et al., 2013; Scheunert and Heubl, 2014; Wan et al., 204) The similarity in flower color (and size) between Lepechinia nelsonii and L. flammea may be especially important because it could facilitate hybridization between the two species. Lepechinia nelsonii is hummingbird pollinated, and given the size and color of L. flammea it may be as well. If both are hummingbird pollinated, this could mean that hybridization could occur even if the two species were not in close proximity. Populations of these species in Jalisco are separated by less than 32 km, and by about 131 km in Guerrero; if we consider that hummingbirds can reach speeds up to 2.4-4.4 m s -(44.64-51.84 km hr -; Chai et al., 1999) , and during migration travel from 32.1-36.2 km per day (Courter et al., 203) , the distances are not necessarily prohibitive in regard to pollen transfer. Furthermore, spatial or altitudinal movements in search of floral resources have been documented (Arizmendi and Ornelas, 1990; Gutiérrez et al., 2004; Partida et al., 202) for some hummingbirds, as well as altitudinal moult-migration (Fraser et al., 200) .
Leaf shape lanceolate to slightly elliptic to lanceolate to narrow elliptic-lanceolate elliptic-lanceolate elliptic-lanceolate Leaf size (cm) (3.7-)6.3-20 × (1.3-)2-3.9 (-8.1) (3.9-)12.7-23 × (1.5-)2.7-6.3 15-26.5 × (2.6-)3-4.6
Inflorescences capituliform capituliform paniculate
Floral bract size (cm)* 1.5-2.9 × 0.6-1.1 0.9-1.7 × (0.6-)1-1.4 0.9-1.6 × 0.1-0.3
Pedicel length (mm) 0.8-1.3 (0.8-)1-2.3 4-5(-10)
Calyx tube size (mm) 2.9-3.9 × 3.2-3.5 4.3-6.8 × 4.2-6(-6.7) 2.8-3.1(-3.8) × (2.3-)2.7-3.6
Calyx teeth shape and size (mm) acuminate, 1.9-2.5 acuminate, (2.3-)3.5-5 long aristate, (4.7-)6.7-7.4
Corolla color blue to lavender orange at base, and upwardly red orange Theca length (mm) 0.5-1 1-1.4(-1.7) 1-1.2
Style length (cm) 1.1-1.4 1.6-2.2 (1.6-)2-2.7
Mericarp size (mm) 2.5-2.9 × 1.7-2.1 (2.4-)2.7-2.9 × (1.6-)1.8 -2.2 2.4-2.8 × 1.4-2
Habitat oak-pine forests and ecotones of montane cloud and pine, pine-oak and montane oak-pine/montane cloud forests pine-oak forests cloud forests
Altitudinal range (m) 850-1,180 2,000-2,700 1,850-2,000(-2,600)
Distribution
Guerrero and Jalisco Guerrero and Jalisco Durango, Estado de México, Guerrero, Jalisco, Michoacán and Sinaloa ble. However, more botanical exploration in proximal areas where these species grow and studies of their interaction with pollinators are needed to assess potential gene flow between species. It should be noted that occasional hybridization does not necessarily imply a hybrid origin for any of these species, but might explain the discordance between the cpDNA and nDNA observed here. Another possibility that would be consistent with morphology is that incomplete lineage sorting among the nDNA gene regions has confounded our attempts to estimate the phylogeny of these three taxa in this instance. With our limited current sampling (and suboptimal support values) it is premature to reach any definitive conclusions regarding incomplete lineage sorting or hybridization at this point, but these questions will be addressed in a future study with additional sampling of accessions and gene regions. Future studies involving these taxa will also include samples of Lepechinia flammea from Oaxaca, and will investigate pollination trends within L. nelsonii, L. flammea, and L. glomerata.
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